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fitting the MIC values described by Devriese et al. (1993) with strains of poultry, porcine and bovine
origin, and by Benning and Mathers (1999) with C. perfringens of swine origin.
In 1997, Watkins et al. reported different results, but they used a micro-broth dilution test and found
a MIC90 of > 256 µg/ml for poultry isolates and 16 µg/ml for turkey strains. On one hand, these
differences may reflect the varying use of bacitracin in different countries and species; on the other,
they may be attributed to the different methods and media used: as reported by Benning and Mathers
(1999), the micro-broth dilution method overrates MICs. In addition, the interaction of red blood cells
and zinc bacitracin should be investigated (Benning and Mathers, 1999).
CONCLUSIONS
The agar dilution method used to evaluate MICs to zinc bacitracin of C. perfringens strains of rabbit
origin gave results indicating good reproducibility. The value of MIC90 = 0.5 µg/ml obtained in this
study revealed the high in vitro susceptibility of C. perfringens field strains isolated from rabbits
and the absence of acquired resistance phenomena in Italian rabbit populations.
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ABSTRACT:  Hepatic coccidiosis occurred in 56 rabbits belonging to different ages, sexes and breeds during the
years from 2002 to 2005. Clinically, the severely affected rabbits showed decreased growth rate, anorexia,
debilitation, listlessness, diarrhea, icterus and rough hair coat. Postmortem examinations revealed increased
dirty dull straw colored peritoneal fluid. Hepatomegaly, with presence of discrete yellowish-white nodules of
1mm to 1 cm size on the surface and throughout the parenchyma, was seen. Smears from peritoneal fluid
showed rafts of mesothelial cells. Impression smears from the liver nodules revealed presence of numerous
developmental stages of Eimeria stiedae corresponding with the stage of the liver lesion. These were intermixed
with sheats of hepatobiliary cells and inflammatory cells and the changes were reflective of the histological
changes like biliary hyperplasia, cholangitis and vacuolar changes occurring in the liver. There was increase
in the thickness of basement membrane with the advanced stage of the lesion. The basement membrane was
up to 1-2 µm in thickness forming loop like structures over which resided hyperplastic biliary cells containing
different stages of the parasite. Some thickened basement membranes were devoid of overlying cells which
had desquamated and were present in the ductal lumens suggesting that the basement might have the local
defensive role in warding off the coccidial infection. The basement membrane was positive for neutral
mucopolysaccharides while as the inflammatory zones and biliary epithelia along with the gametogonic stages
of the coccidium reacted positively to the increased acid mucopolysaccharides qualitatively. The results
showed that the occurrence of hepatic coccidiosis in female rabbits coincided with the breeding and kindling
periods. Direct wet mount smears from bile aid in diagnosis of the disease. Impression smears from the liver
nodules might represent the histological changes in the liver. The basement membrane thickening might have a
defensive role in warding off the coccidial infection.
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INTRODUCTION
Rabbit farming, for fur and meat production, has emerged as an important livestock enterprise in
many parts of temperate and  subtropical areas of India, especially the North Eastern region, Himachal
Pradesh, Uttar Pradesh, Uttaranchal, Jammu and Kashmir, Tamil Nadu, Kerala and Karnataka. It offers
profitable returns because of their early maturity, prolific breeding and shorter gestation period.
Further rabbit wool is of superior quality as compared to sheep wool and has better insulation
properties. The average wool production of an Angora rabbit varies from 800-1000 g in a year while
a broiler rabbit produces about 4 kg of meat (Gupta, 2005). The profitability of the rabbit industry is
dependent primarily on good feed conversion (Varga, 1982). The remuneration from this enterprise is
greatly decreased owing to susceptibility of the rabbits to various diseases.
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Amongst the parasitic diseases, coccidiosis is of particular importance in commercial rabbitry. It is a
highly contagious sporozoal infection in rabbits and is caused by a protozoan parasite, Eimeria
species which are highly host, organ and tissue specific (Levine, 1985; Georgi and Georgi, 1990).
Coccidiosis in rabbits in the hepatic form is caused by E. stiedai, and the intestinal form is caused by
several Eimeria species (Fox et al., 1984). Rabbit is the only animal that suffers from hepatic form of
coccidiosis leading to severe economic losses. By far, to the authorsʼ knowledge, there have not
been any documented reports of hepatic coccidiosis in rabbits of Kashmir valley. The present
communication, based on a four-year retrospective study, records spontaneous hepatic coccidiosis
in various breeds of rabbits at necropsy, and attempts to elucidate their histopathological findings
vis-à-vis local defense response.
MATERIAL AND METHODS
Fifty-six rabbits, received by Division of Veterinary Pathology for postmortem examination from the
University Rabbit Farm, were found to be affected with hepatic coccidiosis during the years 2002 to
2005. The animals belonged to Angora, New Zealand and Grey Giant breeds and comprised of males
and females of varying ages- ranging from less than a month old to over 2 years. Clinical history and
gross lesions at necropsy were recorded of each animal over the period. Smears were prepared from
the peritoneal fluid and gall bladder aspirate. Impression smears were made from the cut surface and
crushed nodules of the liver. These were stained with modified Wrights stain (Benjamin, 1981).
Representative tissue samples from the liver, gall bladder and various other organs were collected in
10% formol saline. These were processed for routine histopathological observations. Five micron
thick tissue sections were stained with Harrisʼ haematoxylin and eosin (Luna, 1968). Triplicate sections
were stained with periodic acid-Schiff (PAS) (McManus, 1946), combined alcian blue-PAS techniques
and Massonʼs Trichrome stains (Luna, 1968) for demonstration of basement membrane, acid and
neutral mucins, and fibroplasia respectively. The thickness of the basement membrane was measured
in PAS stained section using an ocular micrometer under an oil immersion objective.
RESULTS
Clinically, the severity of lesions present at necropsy correlated with overt signs. Those rabbits with
a history of no apparent symptoms except for a decreased growth rate had relatively less severe
lesions at necropsy. Those that had been affected with pronounced lesions were associated with
anorexia, debility, listlessness and a rough hair coat. Some rabbits were found with a distended
abdomen, diarrhea with soiling of hind quarters, and were jaundiced. The back and hind quarters in
some showed pronounced muscle wasting.
Lesions included hepatomegaly with presence of discrete yellowish-white nodules of varying sizes
(1 mm to 1 cm) diffusely spread over its surface and in the parenchyma (Figure 1). The organ was
either pale or severely congested. The nodular exudes expressed on pressing were either milky or
thick cheesy. The gall bladders were distended with thick green bile. Lungs appeared congested and
oedematous in most cases. The kidneys were mostly enlarged and congested. Postmortem examination
of ascites cases revealed dirty straw colored peritoneal fluid.
Wet mounts from gall bladder aspirates revealed presence of numerous oocysts of Eimeria stiedae
that appeared ovoid and containing developing embryos. Some of oocysts were deeply brown in
color. The oocysts dimensions from the aspirates ranged approximately between 18 to 24  µm in width
and 30 to 39 µm in length, with a flat micropylar end and a smooth bright pinkish wall. Smears
prepared from peritoneal fluid aspirates showed rafts of mesothelial cells. Press preparations from
the smaller nodules of the affected liver showed presence of numerous schizonts. The larger nodules
revealed numerous coccidial oocysts often with a wrinkled wall and intermixed with hepatobiliary
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and inflammatory cells (Figure 2). Macrogametes appeared rounded or oval, ranging from 20 to 23 µm
in width and 25 to 34 µm in length, and filled with homogeneous pink to bluish cytoplasmic granules
with a row at the periphery, referred to as the wall forming bodies. The microgametocytes were
distinguishably large and rounded, measuring up to 45  m in diameter, and filled with a large number
of purple round to comma shaped microgametes. Sheets of cuboidal to columnar bile duct epithelial
cells were present. Hepatocytes revealed vacuolar degeneration with some cells showed greenish
pigments.
Histopathologically, the bile ducts were greatly thickened and distended. Biliary hyperplasia was
evident and characterized by the formation of multiple arborizing papillary fronds extending into the
ductal lumens, resembling adenomatous hyperplasia (Figure 3). The core and wall of the ducts were
infiltrated with mononuclear cells. Further, the ducts were filled with sloughed biliary epithelial cells
and numerous coccidial oocysts and developmental stages of the coccidium. The biliary mucosa
revealed cyst-like spaces and the hyperplastic ducts were surrounded with large amounts of
connective tissue. Portal spaces were filled with mononuclear cells. The basement membrane was
Figure 1: Liver of a rabbit affected with hepatic
coccidiosis showing yellowish-white nodules of varying
sizes in the liver.
Figure 2: Impression smear from the hepatic nodule revealing numerous coccidial oocysts. Some of the
oocysts are wrinkled because of drying and fixation. Clusters of epithelial cells (black arrow) and numerous
mononuclear cells are seen between the oocysts (white arrow). Modified Wrights Stain X 40.
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thickened and was about 1 to 2 µm  in thickness. It was either lining the ducts with its superficial cells
sloughed off or had evaginated into the ductal lumen in a fold like manner bearing the cells containing
dull brownish macrogametes with wall forming granules at their periphery (Figure 4). The fold of
basement membrane formed the loop-like structure, which seemed to get detached from the wall
along with the overlying coccidian contained epithelial cells and were found in the lumens of ducts
(Figure 5). The developmental stages of coccidian and inflammatory exudates were positive for
qualitative increase in acid mucopolysaccharides whereas the basement was positive for neutral
mucopolysaccharides (Figure 6). The lungs and kidneys revealed congestion and cellular swelling
and vacuolar degeneration of the parenchymal cells.
Figure 3: Section of a liver
affected with hepatic coccidiosis
showing formation of papillary
fronds projecting into the dilated
ductal lumen. H&E X 10.
Figure 4: Section of liver affected with hepatic
coccidiosis revealing looping in of thickened
basement membrane over which reside the epithelial
cells containing macrogametocytes (arrow).
PAS X 10
Figure 5: Section of liver affected with hepatic
coccidiosis showing detachment of the looped
basement membrane along with biliary epithelium
which contain the developmental stages of coccidia.
PAS  X 10.
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DISCUSSION
Coccidiosis in rabbits is seen as hepatic coccidiosis caused by Eimeria stiedae and intestinal
coccidiosis caused by E. intestinalis, E. irresidua, E. magna, and E. media (Bhatia, 2000). Hepatic
coccidiosis in rabbits occurs due to ingestion of sporulated oocysts having four ovoid sporocysts
containing 2 sporozoites each. The sporozoites penetrate the mucosa of small intestine and pass via
the mesenteric lymph nodes and hepatic portal system to the liver where they enter the epithelial
cells of the bile duct becoming trophozoites and then schizonts. The carbohydrate L-fucose residues
on E. stiedai sporozoites and L-fucose-binding sites on host cells might have helped in recognition
and/or invasion process (John et al., 1999). The schizonts produce merozoites, but the number of
asexual generations preceding gametogony is unknown. Oocysts pass out in the bile and appear in
the faeces 18 days after infection, sporulation occurs in three days (Flynn, 1973; Urquhart et al.,
1987; Barriga, 1997; Gardiner et al., 1998).
There was an increase in the thickness of the basement membrane indicating its involvement in the
pathogenesis of the pseudopapillomatosis. The base membrane serves as a limiting substratum to
support the overlying epithelium. The large branching hyperplastic epithelium was thought to need
a comparatively thicker basement membrane for its support (Chen et al., 1972). In the opinion of
authors the thickened basement membrane appears to be a defensive act on part of the host against
coccidial infection. A thickened basement membrane could impede the transfer of essential nutrients
to the overlying epithelium and can in turn induce regression and degeneration of a hyperplastic
epithelium. This was amply evidenced by absence of overlying epithelia in certain areas of thickened
basement membrane. Further, the evagination of basement membrane in the form of loop-like structures
and subsequent detachment of this loop along with the overlying hyperplastic epithelium supports
the view that basement membrane has a role in defence mechanism. Detached basement membrane
structures were seen in the lumens of the ducts thereby shedding the epithelium containing
developmental stages of the coccidian. Besides, the existence of a basement membrane seems to
facilitate the orientation of the newly formed epithelial cells in the epithelialisation process (Giacometti
and Parakkal, 1969) and its role in warding off the infection is possible. The increased acid
mucopolysaccharide in the areas might be the result of inflammatory process. It has been suggested
that glycosaminoglycan, hyaluronic acid, is involved in the pathogenesis of liver diseases and its
increase in the liver and serum has been  used as a reliable marker of hepatic fibrosis and fibrogenesis
(Frebourg et al., 1986; Murawaki et al., 1996; Peres et al., 1996; George et al., 2004).
The smears from the liver nodules were reflective of the histological observations in the liver as
evidenced by presence of sheets of hyperplastic biliary epithelial cells, developmental stages of
oocysts and inflammatory cells. The desquamation of mesothelial cells and development of increased
peritoneal fluid could be the result of liver damage.
Figure 6: Section of liver affected with
hepatic coccidiosis revealing biliary
epithelium positive for acid
mucopolysaccharides while basement
membrane is positive for neutral
mucopolysaccharides. Combined alcian
blue PAS technique X 10.
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As the coccidial oocysts are shed with the faeces contaminating the environment, food and water
the rabbitʼs cages, food dishes and water containers need to be routinely disinfected. Avoidance of
stress and strict sanitary measures are thought to reduce or prevent clinical disease (Fox et al., 1984).
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ABSTRACT: Four experiments are described relating  to gnawing sticks application in rabbit housing. In experiment 1
and 2, Pannon White rabbits, weaned at the age of five weeks, were placed into pens with wire net floor. In
experiment 1, every pen (180 animals in 12 pens, surface per head: 571 cm2) was provided with three gnawing
sticks randomly chosen from White locust, Black elder, White willow, Little-leaf linden, European larch, Black poplar,
European white birch, White buckeye and White mulberry species. In experiment 2 (150 animals in 10 pens, surface
per head: 571 cm2), only those tree species  ingested by rabbits in the first experiment were used (White locust,
White willow, Little-leaf linden, Black poplar and White buckeye). In the second experiment, rabbits showed the
highest preference towards gnawing sticks of Little-leaf linden, while similar  White willow and White buckeye
consumption was observed. In the experiment 3,  rabbits’ preference to different types of wood and the influence
on rabbits’ behaviour of  added wooden sticks as environmental enrichment  was studied. At the age of 38 days,
48 male SIKA rabbits were housed individually in wire cages (surface per head: 1500 cm2). According to the type
of wood placed in the cage, rabbits were equally allotted to four groups: control, Common oak, Little-leaf linden and
Norway spruce. Rabbits’ preference to type of wood was studied on all the animals with wooden stick, while
rabbits’ behaviour was studied on 16 focus animals at the age of 5 and 13 weeks using continuous 24 hours video
recordings. Rabbits preferred gnawing Little-leaf linden and Norway spruce compared to Common oak. Addition of
gnawing sticks had no significant influence on duration of rabbits’ behaviour, except for eating feed and gnawing
wooden stick time. In experiment 4, the effect of housing and environmental enrichment on the performance and
behaviour of growing rabbits was tested. 72 hybrid rabbits were housed after the weaning period in standard
fattening cages at 2, 3, 4 animals per cage (surface per head: 1045 cm2, 697 cm2, 522 cm2, respectively). Half cages
were enriched using a wood stick (Robinia pseudoacacia) dangling from the ceiling of the cage. The environmental
enrichment decreased the stereotypies (gnawing the bars of the cage). A tendency to lower aggressive behaviours
in enriched caged rabbits was also found compared to the conventional caged rabbits. This might indicate a better
satisfaction of the behavioural needs for the enriched caged rabbits.
Key words: Growing rabbits, gnawing sticks, tree species, performance, behavioural traits.
W O R L D
R A B B I T
SCIENCE
APPLICATION OF GNAWING STICKS IN RABBIT HOUSING
Princz Z.*, Orova Z.*, Nagy I.*, Jordan D.†, Štuhec I†, Luzi F.‡, Verga M.‡, Szendrő Zs.*
*Univ. of Kaposvar, Faculty of Animal Science, KAPOSVÁR, Hungary.
†Univ. of Ljubljana, Biotechnical Faculty, Dep. of Animal Science, DOMžALE, Slovenia.
‡Univ. of Milan, Faculty of Veterinary Medicine, Animal Husbandry Inst., MILANO, Italy.
INTRODUCTION
During the recent years increasing importance was attached to the analysis of the rabbitsʼ welfare.
Several forms of environmental enrichment were tested in the conventional low level of stimulus
cage system. Gnawing sticks were frequently placed into the rabbit cages (Hansen et al., 2000; Luzi
et al., 2003; Princz et al., 2005) and their effect on the performance and behaviour was recorded.
Several authors (Lidfors, 1997; Jordan and Štuhec, 2003; Verga et al., 2004) defined the species of the
applied gnawing sticks, but the exact tree species are not always given. Some suggestions were
published about the recommended tree species by Ernte (www.ernte.at): apple, ash, willow, spruce,
oak, however, they suggest the placement of leafy branches. In the present study some consequences
when placing gnawing sticks in rabbit housing are shown.
